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Hping thus described the preferred embodiment, the invention is now claimed to be: 



1 . An apparatus for guiding the movement of a surgical tool in relation to the anatomy of a 
patient, the apparatus comprising means for indicating the difference between the actual and desired 
position of the toe 

2. The apparatus of claim 1 wherein the ropl is characterized b^a tool reference frame and the 
difference is indicated with respect to the tool \jererence frame. 

3 . The apparatus of claim 2 wherein the means for indicating is mooted to the tool. 

4. The apparatus of claim 1 wherein the means for indicating comprises at least one indicator, 
the indicator indicating a direction in which the tool should be moved to reach the desired position. 

* J ^ \ 

5 . The apparatus of claim 4 wherein tme ^t lea^ one indicator provides an, indication of the 
distance the tool should be moved to reach ihe d^red position. \ 

6 . The apparatus of claim 5 v^erein the at least one indicator is a light emitting diode. 

7 . The apparati is of claim 1 wherein the means for indicating comprises at least hnz indicator 
and further comprisi ng means for determining the orientation of the at least one indicator in relation 

15 to the patient 

8 . The apparatus of claim 7 wherein the at least one indicator is characterized by an indicator 
reference frame and the difference is indicated with respect to the indicator reference frame 

9 . The apparatus of claim 8 wherein the at least one indicator is mounted to a patient support. 

10. The apparatus of claim 1 further comprising 
20 means for defining a desired position based on an image of the anatomy; 

means for determining the actual position of the tool; and 
means for determining the difference between the actual and desired positions. 

1 1 . The apparatus of claim 10 wherein the means for determining the actual position comprises\ 
one of an infrared localizer and an articulated arm. ; 
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>0 1 2. The apparatus of claim 1 wherei i the actual and a desired positions are at least one of a 
desired location, trajectory, depth, and r >tation. 

13. The apparatus of claim 1 wherein the means for indicating comprises a position indicator 
and a mode indicator. * y 

14. The apparatus of claim 1 when^the tool is a tool guide. 

15. The apparatus of claim 1 wherein the tool comprises a pointing axis and the means for 
indicating comprises at least two indicators mounted in a plane substantially orthogonal to the 
pointing axis. y 

The apparatus of claim 1 wherein th^^ns for indicating provides an audible indication. 

7. An apparatus for guiding the movement of a surgical tool in relation to the anatomy of a 
patient, the apparatus comprising at least one position indicator, the at least one indicator indicating 
the direction in which the tool should be moved to reach a desired position. 




wherein the at least one indicator is mounted to the surgical tool 



re^dctl 



to the tool reference frame. 



18. The apparatus of claim 1 
and the direction is indicated with 

15 19. The apparatus of claim 17 wherein the afrteasj one position indicator is characterized by an 
indicator reference frame and the direction ii indimted with respect to the indicator reference frame.. 

20. The apparatus of cl aim 19 further comprising means for determining the relative 
orientations of the at least 3ne indicator and the anatomy of the patient 

2 1 . The apparatus of claim 17 further ^Ffi^sing a mode indicator. 

The apparaps of claim 17 further comprising first and second position indicators arranged 
along a first line and third and fourth position indicators arranged along a second line, the first and 
second lines being perpendicular. 

imonip^icat< 




The apparatus of claim 17 wherein the posit} 



icator comprises an LCD display. 



2ty. An apparatus for guiding the movement of a surgical tool with respect to the anatomy of a 
patient, the apparatus comprising: 



asurgicaytool; 
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means for defining a cashed position of they tool based on an image of the anatomy; 

means for determining the actual position of fc(ie tool; and~^\ ) 

means for detennining the difference between tyie actual and desired positions; 

at least one indicator mounted to the tool, the indicator providing an indication of the 
difference between $e actual and desired positions. 

25. / A surgicjal tool comprising: 

^^^a^kraliw of infrared emitters mounted to the tool; Wi 

least oqp position indicator mounted to the tool. 

A method fior guiding the movement of a surgical tool with respect to the anatomy of a 
having a pament reference frame, the method comprisinguhe steps of: 

determining\a desired position of the tool based on an ima^e of the anatomy of a patient, the 
image having an image reference frame; 

correlating thfe image and patient reference frames; 

determining tHe actual position of the tool; 

determining a direction the tool must be moved to reach the deseed position; and 

indicating the direction in which the tool must be moved to reach\the desired position. 

/ ^ e met h°d of citim 26 wherein the tool is characterized by a toolYeference frame and 

Jr wherein the direction is indicated in relation to the tool reference frame. 

2 8 . The method of claiVn 26 wherein the direction is indicated using at le^st one indicator and 
20 further comprising the steps of: 

determining the relative orientations of the at least one indicator and the patient; and 

compensating for ch^pges in the relative orientation 
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^9. The method of claim^wherein the step of indicating the distance comprises the step of 
/ varying thelone of the blink rate and color of an indicator visible to a user. 
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30. The method of claim 26 wherein the tool comprises at least one indicator for indicating a 
direction in which tha tool must be moved to reach a desired location and at least one indicator for 
indicating a direction \i which the tool must be moved to reach a desired orientation. 

3 1 . The method of Maim 26 wherein the direction is indicated by a plurality of light emitting 
diodes mounted to the t$ol. 

32. The method of claim 26 whereiri th^tep of indicating utilizes at ldast one indicator having 
an indicator reference frame and the direWipQj^ with respect to the indicator reference 
frame. ^ V 

3 3 . Thd method of claim ^further comprising the steps of: 

establishing a threshold; 

determining the difference between the actual and desired positions; and 



34. 



indicating that the tool must be moved only if the difference is greater th^n the threshold. 
The method of claim ^ocomprising the steps of: 
selecting a mode; 
indicating the selected 





based oh the selected mode, indicating the direction that the tool must be moved to reach 
one of a desired! location and (orientation. 

35. The method of claim^ofurther comprising the steps of: 

determining the distance the tool must be moved to reach the desired position; and 



providing! a signal indicative of the distance the tool must be moved reach the desired 



position. 
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